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Invant ion Title* 

REMOVING CONTAMINANTS FROM SULFIDIC MATERIALS 



Tiie invention is described in th* following statement: 
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precious ^£aiis:'suehla^ 
'.[ . • > "J****' * BUlfidic material; include* ^"^Umin^fcSgh:... 
vaa-^arsenic^; the. use f£ Conventional, smeitiiig or..,rb^t : ing 
xechhigues £ 

£ojn ^ t ion >o* «a*:: asreenic trioxide which is • 

;.^*?a?ed^ of . sulfur/ ? ' "'■ 

, in; f a ^elting^or ; ;rp^t±n^ V f eed higlv levels 6f'^£- ' 

v sulfur ^dioxide : ahd:rpther|so,, ^aseK^h^ the v exhausts •■ 
v:^: ; v ^6*61577 discloses ia'pipee^ 

.• materials containing ^eenic v^ref tte ^uif idic" Material ^ 
^ subjected^tp a. t:wo^tage 7 M to ' 

solubzlise the arsenic. The configuration of the leaching" 
process is cortex, as is the use of bio-leaching 
bacteria, in addition, bio-leachirigVis notoriously s i ow - 
. .. ^ ^ advantageous -if an alternative 1 • ' 

hydroTnetallurgicai process could be provided for treatina 
contaminated ^a^^ ^ Ooncent rates, with ^ 
attendant ^^i,**^^ 

S^^^! lty ' — ionsAower .. 
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Summary of tibe; Invention 
-art™, 1 */ ^ aSP6Ct [ "^>*W* invention provides a 

•^^ a ^ aI ^^ ^ solution wherein a 1 " 

oSdislf ^ P -^ 8 lively hi 3 h oxidation state 

oxadises the contaminant to render it; soluble in the 

a con tam inant refined mater^l^ is 
reduced to a relatively lower oxidation state; and 
'removing the contaminant from the solution whi^ 

r^t d rr^ 9e0aSiy ' .^ing the contaminant whilst 
^nerat ng the multi^ent ^ . 

operated xn a closed loop or recycle mode. with afetendant. 
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■ prfeservatibn of mass balance etc.) : - '•• ■ 

;.:ln;;a5^^. ^specc;; the. present, invent ion pafdviclas a' 

'**<»• a.' su^idi& .ij^&rlai 
coi^^sa^;;-the;>t^s of j.. ..y' ; .Ei'7^V^:- : . 

: ^^^ : 'tne-nateria$^:in ah^aqueous ^ol^ioh^'.havini 
. option, potential - patrolled: tp oiliaise . substantially. 
:only the cbntattunant *o Render;, it\soluble. in the solution 
thereby producing a >cmtart^naht . refined- n»terial, and ' 
.separating the solution from the contaminant refined 
material ■. 

,: Adyaiitageously, by controlling the oxidation 
potential the method enables the contaminant to be 
maintained in a soluble form, thus facilitating subsecuent 
removal (eg. in a separate precipitation atepVPor 

c^^Tr ^ R * terial 1S 311 a «^P^ite and tne 
contaminant. i6 arsenic, the oxidation potential can be 
controlled such that the arsenic is oxidised to i" £ 
oxidation state rather than its relatively leas soluble >5 
state. Once the arsenic has. been solubilised and separated 
^ -an then be Oxidised more 

vigorously dn a . subsequent stage. 

The terminology -contaminant ref ined material" 
. serial in which contaminant has not Sen 
.completely removed therefrom, but which has sufficiently 
low cpntaminant levels such that it can be acceptably 
further processed (eg. in roasters and smelteraT or L t „ 
^We^zo^a. ^^. , or etc 

the first Z^ 0 " W ^ 0 6 ^ erVed t^t the method of 

difficult t T t 86C ! nd ****** b ? * otherwise 

difficult to treat oras and concentrates including 

hioh"!^- tS8> ^ #Cia1 ^ ^-refractory ores Ling a 
high carbon content . w*ng a 

Preferably the contaminant is removed from the 

stace b" by t PX : W ^° tt * » P-cipitatL 
stage by introducing . en oxidant into the solution. 
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• ;. . f^if uiiy species b«S; .oxidi-aed. : - : to.'-its^re^ ." 

' .?-.# spee? l^ e ^°^ s ■ fci^r /p^dacioii s^ie^' the solution^ is' :v 
j£ ' recycled ' .t^^ ;'l^iaiii^|st^ : ^ ' #? l';'' ^: V;. ^'.v^.V 
'. Prefe^^Y i^ the precip#at^: sc'ageK'' the" ;soluti©nt'pH: 
is. maintain^-?* around pH? lv5-3 . pref erabiy thV e6iutfe ? '.' 
/ PH i^ nBiat^asdvb^^^l^i^ the -tf&j^&o th^eolutifc' : 
10 . of the v oxidant; and/or an alkali agents Whin addition of W ; 
. allwii agetit,;is. reguired. an alJcali Salt touch a^ calcium 
; carbonate, calcium oxide,: sodium carbonate, sodium \ • 
bicarbonate etc. is typically ^added: " 

typically; in the precipitation stage the cedent 
causes the contaminant to precipitate by oxidising it to a 
relatively l ess soluble form (eg. oxidising arsenic f *om 
its^H-3 to -5 oxidation, state) , , and . at the same time' 
oxo.dises.the multi-valent species. Typlcally;the oxidant 
1B 0xy3en ' gas/ hydrogen peroxide etc, in 

pyritic ores the oofttaminait typically precipitates- as an 
iron/contandnant-oxidate for. Ceg ferric arsenate when "e 
contaminant is arsenic) . . • ™\ 

Eh and^ f Srably ^ C ^ ta ^* precipitation, solution 
Eh^and pH are restored to levels required for contaminant 
leaching, to enable solution .recycle .t P . the leaching 

of f o^dS- T be quieting t be addition 

of oxidant a.fter contaminant precipitation. 

mui fcl ' y tha ^ntaminant is oxidised in a single or 

multi stage leaching process. . ' • 

• M Pr6ferably lea ^ i ^ Excess comprises a first 
leaching stage in which the oxidation potential is 
controlled to oxidise substantially only the contaminant 
to render it . soluble .^ :^e splution^and a secdnd 
leaching stage ih which the oxidation potehtiai is 
increased to oxidise, sulfide in the contaminant refined 

^^^^ ^^^' ■^^^ ** contaminant 

is oxidised and so W i Mee d in the f irst leaching stage 
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. . ..Xeachijag stagei. ... ./i!::""-:::' ' ... 7.''?' -r? r.:r'- 

• H ■■ j££ ;vMa^.;f^^ngSl^ge::a^ . be derated xo-' ;or. 'count^ 
^cu^tty. iwOa'. t^;^^fea^.:^s:t^y com^e one'--' "V 
^^.;mo^,yesTOis. .?- : :- .'fix; r.- ' "'.-.„-■/'' ) ' >S : -.' r '• 
/IV'.. . ^efer^y^th^Il^ami^ht-; refined 'njal^ia^ihat^is^ 

• , .s^arated from; ; tfce solution. . tte^irs^iaac^e^^ 

' • d tKe : second ieacAing. stage.'- •^:>;^rr---v^^v 
"•I- ;^ferablyv the ^oliitiori i S 7 separated from the S i 

• : : oonta ^^ refined ma^ial after 'each 1 , leaching- afca^&l- 

removal, of conta^naat. therefrom, typically by 

; preclpitatrloa la the precipitafetoft stage. " 

^.V P ^ f ^ly when: the swlfidic material i s a pyritic 

^ that .^^.•^i&^SS. : 
^ contaminated pyrites, , . in the f irst ieachiS 
stage the contaminant is oxidised in a highly acidic 
aqueous solution of ,pa. typically less than Z at a 

SS^ 1 *' 60 <^<U a e the contaminant, into . . ' 
In "2 2 " T ^^tially leach pyrite, preferably, at 
■ an Eh of around o.5 volta, and w«f eM Mv ^ b y • 

of about xos « C preferably at a temperature 

solution of p H typically less than i but at a 
lacuna stags, typically an oxidant such as ^ m * lr 

th t" reOTrd - 1,1 ">« sscond laachtag stage, to 
aoas not .ntarfce with ch, p^sss . chaAls^ . *owa*£ 
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addition of an acid"n*a^ not -Be . inegui^ei ^e^/wheres 3 V " 

t^re^5fenerates- s^fibi^it -;ijilf uric ; ;acidan^the^ •=£ 
' :: -'solution);^ ;,/ .- :>.'."■ :;S^--VV-'^'-3:;*;\x "i^Xi?- : V'V" S^H?;v^ 

;. lesching-and -precipitation stages; •<fech-ia:^i^il 1 ; ; ' 
*f§*Ied ; ift ^he; -ov«raiaf ^procefesjf^is a dissolved metal ' V V 
cmojride soiutioa, typically Haying a chloride^ 

method;, is preferably operated such that; the metallic the 
dissolved, metal cWoride : solution runctioiie as' th^ multi- 
valent species (however a multivalent Secies' may be 
separately added to: :the leaching process solution) . In 
: this regard, typically the metal in the meta* chloride 
aolution ia copper, but may also bej iron >tcV . The multi- 
valent species effectively acts as an electron transfer 
agent. For example, in the solution recycled to the 
leaching stags the metal is in *fcs relatively high 
oxidation state (eg. cu (II) or Pe(iii) ) and *£ter 

-^ly io^r oxidation state (eg. 

vanadium. " possibly cobalt, manganese and . 

•'« pyriric 8 ^!^ ^^ ^ ^^a! is : 
a pyriUc ore or concentrate, and typically the , 

contaminanj is arsenic, antimony, bismuth, mercury, • 

-ad^whicb occur n^turally in many as^d/sulfidic 

have *\?T" !* •« ^PO«its around- the world 

have a. high carbon content and. when a high level of 
carbon is present in the sulfidic material (eg. ^ 

* • a ^fa,t^ mc U ? , blindiag ^ caa 2 ^ ^ 

advantageously be added to the solution during the 
c^aminant oxi^^ 

.absolved petals- (-^j^-^^-^: 
from adsorbing onto carbon in ^he material t»* ™- ** 
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may;::qbviate the xi^ fot roasting! tp , septate the p^eci^ 

^: ^fcal-:£rom..tha ; , : .c:a^ ; . • .""J""^ 

: v ;- '\:fiU:-* r * £ **&&' a ^e*:.Wc;ipit^ 

relatively h^gh oxidation etafcW, the Bolifei^h ^is 
■ r - ^^f^^r^tage. Recyoling the s^utiori^to 

•r leaching et^ge .is;, desirable for overall process " ■'• :7 

economics and - is advantageous because the^maiti-valenP^ 
: ,; species is regenerated to its- original (pre, leaching) ' 

oxidation. >tate; . and thus is ready to participate in .: 

further oxidation end leaching', ' ' 

the «iiM tYI>iCal : apPllcati ° n of ^ Present invention; . 
the sulfxdic tnaterial: includes, in addition to the 
contananant, a. metal: to be recovered., in this recrard th. 
method preferably father copses a ^tallecovery ~ 
^recover metal ^ the S eparated c^w^ 8 

• the ^-.^ ° £ ^>^le-ref rectory ore, preferably 

,,the metal recovery stage i^^rovlaed as a separate, 

wxth the carbon through the leaching process. 

in the case of a . double-refractory ore, an additional 
in-line metal Woovery ataoe »»« k . aacutional 

contaminant preci^^! ^ T subsequent to 

P.ecipltatii^Sci: to i^ST' 

»- *«wy:cj.e to the oxidation stage) or tv»m.-.^ 

Wtal that „ ^,8^, or P roaant ia tha aol^ibn^ 
coaeamxaaa, rata^ ^^a^) te 
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§ .•^Ms6 ) .?-±n^ ceased of ^«kg^!ll?i^F««t^ 

.^^^^^^t^has-been • sube.^tlaily removed : fr^ti^ ? '■ 
:./4\^^^P^terial ;duringfle:achj^ recovery . '.- 

; ^Y5;Cbmprise: r 'a^pj^sntio'iiai • rbastinjpr':' smeitirig ■ • '7 

: er^^ed after..; resting ^ tm recovsr ax^ re^irite^^etai in^ : '- 

.:''.t' . is precious metal suchas^golia):. •' 

■ lrtthe case-- of-vi: .si;ns'i> . refractory, ore (eg. 'W&ere'. ' 

lp carbon la . not present at ajl^or iiri any; signif icant " / ' 
W?* 1 ** .« w*"*e ^^taris^not associated witn \ 
carbon) pref erably t:he „,etai recovery, stage vis provided 
in-line and .subsequent to contaminant precipitation, but 

IS Z y 2 le0 b& ?T*^ E>r± * r >0 ^^^^t: Precipitation, : 
^ : tb48 ** 9ard ' ^eferably Wtal recovery involves 
adsorption of the metal in solution onto carbon in a 
carbon coW, typically activated carbon. Alternatively 
other metal recovery processes W be alloyed including 
aon exchange, solvent extraction, etc 

20 • ! ? al iy TO <#> he r^oyer^is a. precious 
metal such as gold, silver, platinum or other platinum 
group metals, the recovery of which metal typica^y ^ 
3ustif.es the processveconomica. However, other 

IS ** tal « "ay alternatively or 

l6a f- C ' addition, in certain applications the . 

•valuSle contaminant may be economically 

valuable or envxrphmentally harmful, prompting its 
.0 recovery from the contaminant precipice/ this may be 

the^case for a contaminant such as antimony, bismuth - - 

^eST f C : > * ^ constitutes"^ . 

Or alternatively be provided after contaminant ' 
5 precipitation.. ; ,- " ' 

f urthiT^^' ^ r *° . the method 

further comprises, a- 5p**r,p* material separation, stages 
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:• : ::?°^ ion * : ;;^ I * :: ^ft ia : ; ^a^> : prefiiabiy : aft©r. the. f irsV'^ ^ 
.^.lea^hing-^^e jrhe solution ;is.^:)ected r to a tfci^hing • : 

■ tbe .?^^-^e^ ; othar .sep^ic^ methodologies' map' 
be envoys* eueh as ;solid^liqui^ 
evaporationi.-.centirix^ ■ 

■' ~ i,^*' ^^^W^ each Of 

the first and second leachin^tagea ie passed to 
contaminant recovery,. wheW the. separated refinsd V- 
materialri* typically- passed to metal recovery (double- j 
refractory), or disposal (single-refractory) V 

After the contaminant precipitation stage; preferablv 
the. method further- comprises .a ocntaminant ^ratio! ^ 
stage . tp: contaminant from solution^rior" in- 

.^-^.recovery. and prior fco recycling the solution 
to the .leaching' stages In this regard, a solid/liould 

P^iX^l! " " «*~ .LaSnant 

Precapxtation. Typically this solid/liquid separation 
stage is facilitated by filtration; bul^gain^tSr 
separation methodologies • w >be employed .^^ 

wJ?^ aspect,., the Present invention provides a 
method of removing . arsenic f-rom a gold-bearing pyrit!o 
material comprising the steps of • ^ PY3ritic 

i iJ?. ■ With «* acidxc aqueous metal chloride 
solution in whrch the metal has a relatively high 

SWSS BUSh ^.^ ^^sLt arsenic 

St^refi^dT ili the a0lU ^' ***** 

S \ ^ arsenic,, and is reduced to a' - - 

relatively lower. oxidation state . 

^2ec!oS^ d ^ arsenic from- the solution 

in a precipitation stage whilst simultaneously 

S3"" ? 1 ^ai to ita lela^;^ ;0 ^ atipa 
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-7 '"' >:^trt!rt:&^ wifch^ 
"ttiet^i:;;ii' : 'it : s; relatively high: 

fourth;;; ; Ssg^ i^ent^^ vp 

•^: : ^". : ;,^tiro removing.; *ttGn±c::'£ rotn a gold-be^i^ 
5 "' ti^t erial"? coinprising : ' the ' steps . of s • 7^ ^: ^. *^ ^ : 

•leaching the tteterial in : a ^l^acbi|ig ' . stagja;-; ^erei^": the:;.- •' ' 
: material is in^ed with an acidic acinous metal" chibride.r^ ... 
solution hayii^ an oxidation potential controlled to/ 
oxidise rsvCbst^tially only the arsenic to render it 
10: soluble in the solution, thereby producing a pyritic 
material refined of arsenic; and 

separating the solution from the refined pyritic material • 
In a fifth aspect the present invention provides a . 
method of treating a relatively high carbon content 
IS sulfidic material contaminated with a contaidnant: to .allow 
recovery of a preqious ntetal present with the material, 
coticqprisihg the steps of: 

•leaching the material in an aqueous solution wherein the 
contaminant;, and metal : are soltabiiised in the soiution> 
20 whilst masking tte carbbia in the material to prevent 
precious metal adsorption thereon; and 
•recovering the precious the tal from the solution-. . 

fftien the term * relatively high carbon content"' is 
used herein it refers to a carbon content in the sulf idic 
25 material that is typically higher than about 2 wt%. 

Preferably, the carbon is masked by adding a 
surfactant such as 4 blinding agent (as defined above) to 
the soiut ion during leaching. 

Xypicaily the method of the third, fourth and fifth 
30 aspects is. otherwise as conducted in the fitst and second 
aspects of the invention. 

Brief Description of the Drawings 

Notwithstanding . any other forms which may fall within 
35 the scope of the ..prefent iri^tion, preferred torms of the 
invention Will how be described, by way . of example only, 
with reference to the Accompanying drawingsi in wnich.; 
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..^ :: :lFig^ a- gen£^^^#^^ 

v f iow ^ diagram::: il removal of a contaminant :fTOm a . 

Vsulfidip;^^ ,^ witk:'^ of ::preqi<^u^ • , 

7: » ; F^g^ie( - 2£ac^n^tic^l^ dep^tsf ;::&*vP^ceB» f l^^dia^amv; 
tor:: a:;'pre£^ ebnt^ i 

' eirigle-refr^ and recoyexy : of"' 

pirecidus; metal .front: :the eulf idic material; 

Pigure 3 ^clMrasitlcally depicts a : 5i^esBiiElow diagram 
for a. preferred: fnetfiod'of removing a : . contaminant^ a."-??; \ 

double-refractoxY sulf idle material ; and recwery of • , 
precious "metal' from: the sulf idic material; and/ 

Figure 4 isi a graph plotting various first stage 
(arsenic) leaching solution; parameters against time, 
(duration of reaction) • ani- 

. Figure . 5 .is a graph plotting various second stage, 
(pyri-te} l^adhiiig solution parameters against time 
(duration of react ion). 



20 ; Modes for Carrying out the Invention 

Prior to describing preferred methods of the ; 
inventioii by way. of detail and exanple, a preferred method 
according to the present invention will first be ■ de^ciibed 
in overview .with reference to Figure 1. 

25 Referring, to Figure 1, a precious, metal concentrate 

10 for feeding to the process is prepared by mining, 
milling and then flotation of a sulf idic ore. The 
concentrate may be a gold-containing/arsenopyrite of high 
carbon content (eg, 2 to 20 wt% carbon) or may have low or 

30 no carbon content (eg less than 2 wt%) . The concentrate 
is ground in a ball 'mill ;'l2 arid is then fed to a 
contaminant oxidation stage in the. form of arsenic 
leaq^ng process 14 . ; 

The : preferred arsenic leaching process is described 

35 below in greater Retail with reference to Figures 2 & 3 

and Examples 8 & 9. Leaching may be conducted in a single 
• stage (eg. having one or more processing units, vessels or 
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.... ■ process - -Each ' Bt age - can..' have; one ox- : tnore proems ?;ihg./tu^fe&; ::; 
' ^vges^s-^ a:, coe current! or . • '. ; v -£ :; ; y - : 

. v. .; C ; cp>#iter<^ira cp^i^rati^pn; W^^^^ijoyii© ^ibv^r;'; 

'5:* : .:?;^ :-:^vl^^ 

• . '®^!^^f^ s ^> ':in" ; the ; 'l 
' •acidiG- ; : : env^ 1 ,ipref erably ■: -iesp": th&ii £H : "'' : "- 

. /as.jieaching.ibf'-^ f v6m. arsexaiopyxite is' : '*f ayoii^d /by;. 

• ■? low solution ^ ,Tti$ v ao±& J.. 
10 solely by tM :? ^ida^ioiri;^off thfe sulfidic; (eg*" 

where sulfur . in the fTOktoitiaXf 'is: ' oxidised "in ^plutloh-; 'to;.-.- - 
sulfate^ and/03? a non-aontam±nating acid may be added 
(such as sulfuric or byc^ochloric acid) :. 

. Alab,. In accordance wi th the invention the leaching 
15 solution Eh is typically maintained at greater thaii 0.4 
volts {s6e Figure 4). to. solubilise the contaminant ^ 
described below with reference to Figures 2 & 3 and the 
Bxamples, preferably the leaching process; hasf two stages. 
In a first leaching stage the solution ^ Eh , : ;is carefully 
20 controlled to proipote oxidation and soiubilisation. of 
arsenic in its +3 oxidation state rather 

relatively less soluble +5 state, whilst not substantialiy 
oxidising pyrifee in the arseiippyritic material In a 
second leaching stage an oxidant (stich as oxygen/ air, 

25 chlorine, hydrogen peroxide etc) is added to raise the 
solution oxidation potential and thereby oxidise the 
pyrite (which at the same tim^ oxidises any remaining 
arsenic to its +5 oxidation state) To maintain As (V) in 
solution in the second leaching:, stage an acid, (such as 

30 sulfuric acid) may need, to be added to. lower the solution 
pH sufficient/to soiubiiise the arsenic. 

The p^oeess solution is typically axi aqueous cupric . 
c ^^-^ Sdiutibn r ^ierably Wipg' a : daoride ' . 
concentration of 7 moles/litre, iri fejie Inching stage the 

3S cupric ion oxidises the sulf idic i^teiriai to leach thfe 

arsenic etc.. into solution. At the sa^e titte/ the cupric 
ion is reduced to cuprous ion * ThUs> ih the process , the 
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^cappe^^t^^ 

: cmiiVv^^^"^^''' 'ffiaBfcLtifr cobalt-,;. 
"... i^gai^ste,.. ya^ditim,.Hjetc, y :T - 

the isiil^ J6[|^boiri;; oonteiit;; 

; ; s^'^ ' Wt%) -a^ntek^ added " 

VVto vtlte-. solution:;:^ adso^fcipn : bnto ^ -.r : 

; -caa^bo^ into, ttfie ^solutic^. ;^ 

Th? atir . f a ^ € ^^^ : i^icalisr an prgaiiic^tolitKiihg adtent V^J^h 
as kerosene r v -a-\^ 
10 . The present:; inyexitprs have surprisingly Ipund that' at 

an acid pH less than .1, and at a " coritrollad (p:x^Ldis£ng. 
potential) in the '-%ange; of from 0.4 to 1.25 volts/ in fact 
optimally at ardiuid a reiatively modest oxidising 
potential of 0.5 volts, arsenic can be oxidised and 
15 leached into solution in its relatively spltible 43 . 

oxidation state and without oxidising pyritic sulf ide to 
"sulfate* 

In a first leaching stage the . arseiiopyrite 
concentrate is leached for a. preiteteiroined ^ of time 

20 (as described below in the Examples) until a predetermined 
amount of arsenic has been leached put of the arsenopyrite 
material (typically around 85% of total in the first : 
leaching stage and an additional 10% of total in a second 
leaching stage) . in any case, the amount leached is 

25 typically deteamined by Acceptable residual levels in the 
leacbed arsenopyrite ^ material, assuming that it is to be 
separated and si^sequently processed by conventional 
smelting or roasting techniques, or disposed of (as 
described below) . The term "ref ined arsenopyrite* or 

30 n ref ihed sulf idic material*': is thus to be inte^reted in 
this regard. 

in accordance with the invention, th<a solution pH and 
spiution fiih are regulated such that arsenic And the multi- 
valent species Cu (Xl) (which oxidises s^d. leaches the 
35 arsenic from the material) remain in solution and do not 
precipitate therefrom in: the first leaching stage, in 
addition, the process operating condition* are controlled 
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:./ x: ' v ' sucfi ; thkfr :: ifc^ 
• :: : sblid/11^ : :'(whl^; : :s6p^ate& ;the iixefinjad;" ■ 

V^.£rsei^^ from the solu^ A • 

y3^*^^;^rise^c ^ecipit^fc^ . 
" 5' * : : Thus-, • af t^>te y-~i 

:1 /separated ' this'-' 
•'\ :: is" : ^picted a/ thicker^ii^ ; In -j" 

Figures 2&3 this thi^eniiig stage is employed after a 7 
first leaching; stage to^ In thickening . 

10 stage 16 the .refined arsenopyrite solids are flocculated 
(ie. by adding therefep a; flocculating agent) / with the 
solids dropping out aB .an yndexf low Btream 18 and the. 
arsenic pregnant supernatant solution passing out of the 
tl^csker^hg stage iae an overflow stream 20 . ■ In Figure 1 
15 the underflow or slurry 18 is then passed to a solid- : 

liquid separation stage 22, where typically the solids are 
filtered from the solution using known filtering 
•"'apparatus.-; 

m resulting liquid filtrate 24 is returned to 
20 overflow stream 20, whereas; the filtered solids (ie. 
refined arsenopyrite) 26 are paajsed to a cb^ntional 
roasting stage 28 and conventional cyanide leachiihg stage 
30 for recovery of gold product 32. 

Depending on the degree of leaching of precious metal 
in arsenic leaching stage 14, some gold may pass with 
combined liquid stream 34, teing the cotribination of 
streams 20 and 24, and be recovered in an in-line precious 
metal recovery stage . 36 1 The recovery , stage may comprise 
one or more coIutois filled with Activated carbon through 
which the solution is passed upwardly, such as in a 
f^uidised bed arrangement. Dissolved gold (or ofiber 
precious metal) in the solution adsorbs onto the carbon, 
whilst the dissolved arsenic in solution passes through 
the cpiumn as an overflow liquid stream 38 . The acrtivkted 
35 carbon bearing gold is then removed periodically and 
; passed as a gold product stream 40 : (together 1 with gold 
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. , .v • ........ . ...... iV .. ...... . 

• - . ...... 

- .. . ..... 



:."'.•■ ;;:v:.\"v:: v ■ • : . :j:r ^X;6:*:»^./^ ; 

:%^di^^ ;;tov;a 
';;';;;-'--"irt^ or eluting the carbon product) "7. 
.* / ::From metal;. recoves^vstag^ the Ablution 33 " 

v^tpi^V 1 '*^*®' diMo^edU- arse^c^.£iS^.p^3fied; tq . a contamitaai^^ 
■. : g.. v ■ precipitatibri stage in t!heff orca. of arsenic precipitation 7.' 
.' v ratagev42>\'. " stage ^ayi^ operated ■at ; :pH : ;i^5-3 3 : Ih"^ 

'stage. #2/> Intiort^eH? 
-': Bblutibn:.';(eg : , : '>s^ 
. solution:^ 

10 arsenic, to; fqm a p^clpitate. (t^icaKy airisenie forroa :'ah 

scorpdite) in : this pH range)* Mere ' - the;- contaminant/ 
includes eg. antimony, the contaminant can assume the -\. 
insoluble form ferric i antimonate. However,: as the 

15 conta^riant precipitate, forms, an acid is typically 

generated. Thus/ addition of an alkali may be : required to 
consume acid and maintain optimum solution pH ?r»d Eh. 

...../T^lcol^-jblie alkali is an alkali salt such as calcium 

: ^ carbonates , calcium oxide etc. 

20 v •*^ u ^/ ^ ur«her accordance with the invention the 

addition: 6f oki^aht aiid : alkali is regulated to maintain 
optimum pHE and jSti levels in the contaminant precipitation; 
stage until all contaminant is: precipitated. Thereafter, 
the solution pH and E h levels are preferably restored to 

25 those of the leaching stage 14, so: that after contaminant 
precipitation the solution can be" recycled to that etage. 

Also, in accordance with the invention, in the > 
precipitation stage the oxidant 1 , causes the cuprous copper 
to be oxidised to cupric copper, thus regenerating this 

30 species and allowing for its recycle and reuse, in other 
words; advantageously, the regulation <bf solution Eh and 
pH promotes the re-o^iclation of the ihulti^valent species 
whilst.^ solution, at all times so . that, in 

the overall process* copper aiteatesfcefc between its +1 

35 oxidation state and +2 o^dation state) . In . other words; 
the muiti-^valent ..species functions in the ; process as an 
electron transfer age*nt ahd, when the solution is recycled 
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t mlt^valent ;.' species- : 

; : re^ --further contaA&ria^ ;.' : ' : '"r .// 

ttiui^i-vaient^ speciesf\ ■ 

'./s;..::.;; mass : baiarice:::.:to. ;^ 

r r^ r /-::iLf ter ; ' -arsenic* jc^dipit^xbr^.. theY s^t^pn-^civ^^ ' 
v-rr- sprained . arse^^ 
. v . f rom the. arp^iic p^cipita^e ; 'iii5a- v sol:J^ai^id ^ /• 

isltege. In; Figure 1 - this di^ctSed scheti^^ 'a '■ 

10 further thickening s^age 44 , . to product a solids (arsenic : 
precipitate) traderf low :46 # . which: ie; tjft^n pissed to a 
soi±d--liquid separation :8tage. ; 4.6v. A gupernatant : liquid : 
overflow stream 50 is passed out of ibhe top^o^ 
thigkiening stage 44.. In the solid liquid separation stage 
15 4fi:, typically the arsenic precipitate is filtered out 
using a filtration apparatus, producing a waste arsenic 
. product 52 . The liquid filtrate is returned, to the 

overflow stream 50 as liquid flow 54. The combined liquid : 
stream 56; is then passed to a further plrecious metal 
20 recovery: stage 58, for exat^le, an activated carbon cbliumn 
v to recover any ^ tt^|t:al : not recovered at stage 36 . 
Alternatively at age h SS^kn be used instead of stage 36, 
The resultant precious metal and; act ivated. carbon strea:m 
60 is combined with the other precious metal recovery 
25 streams 40 and 32, whilst a solution overflow 62 is 

recycled to the arsenic leaching stage 14 to close the 
process recovery loop* 

Optionally # depending on whether or not ther* is 
contaminant build up in the overall process,; a proportion 
30 of the recycle stream 62 may be recycled to a bleed 

circuit 64 to separate out any cphtamihant not recovered 
in the arsenic precipitation stage and optionally any 
other contaminants siich as nL± -C&/mte'. 

... Now that the process has been -described ^ -in:, overview* 
35 preferred process flbrap^hs will be described with 
.reference to Figures '2 3". ■ 



16tl6_E4I 329^53911'-^ GRIFFITH HACK.. 



: 31020 - 



- .. -,. - .... , f . , , .v.. .".J- .v ..,.....>. ... ....... 

S .'A. .... , - . ...... (< • . -W.' A- .......... ......... . . 

.. w w." . %' • •. . .. .... I ! . "*" "' "** ' ■■•••".""•".'•■*•".- . 

■.v.. ... .■ -w... v.%.' v - V. * '"Iv.""" '* " ' '* ' ' * ' •••■•".-"•"..-v..-,.-.*..."......... 

- ..V""av -v. . •• .-• ... ■ •"- '.' "' v—.v • .va ■...».-%...« v am. 

- -.A* * .. ■• fj. .. ... ..... .... . . , , m 'V. * '.' . '•" -'..'AM. -. ■ •• ... f. . ..... 

"■■ ' AA.AVW . . w< • \~ ' '.' -J ' ' V "'. ' ' "'' -*■* * ■ ' * - 'A .V.. 

• v.v. v . v ..•.•.'.* . -■. .' 



; tT •* VX" * v " •'••«* •• • *..•-...•..... a 

• . bf a single- re£ ractoi^ ;eui;f idic tnater^ 

"* : -;"t : .like: reference .im^eria^ . 
V ^'"process ste&es-"^ 
"5 :; 7''" Figur^ - 

- 'or' iib v ^a3^n ^qo^e^:;^ . ; i^^pa^awad; ; . 

-f /- ".-..pref errea^l€«cfi;in9 process iri accordance ;witHf?^h^;j|^siMt ! 
''^ii^entidtti; The" preferra ';two". v &tagee; ,.' 

id • namely/ a leaching stage 1 70 

and: a second pyritic (FeS a ) leaching stage 72 . 

: Thie airgenbpyritic concentrate is thus fed tb first 
leaching stage 70 wherein the leaching conditions are 7-:. 
controlled such that aiiistantially only, t . 

IS concentrate is oxidised and leached into solution and not " : 
the pyritic component of the concentrate. In this regard, 
the leaching conditions, in first leaching stage 70. are 
controlled such tlaat\ the oxidation potential Eh is around 
0*5 volts,: the spiutipn pH is less than 1, and the 

20 solution te^erature. is. maintained at about 10 5°C {although 
can be operated in a range between 80 6 C and 105°G> . These 
cbhditioris ;Were observed by the inventors to be optimal 
for the leaching of arsenic into solution in its soluble 
+3 oxidation state from an arsenopyr it ic concentrate. As 

25 discussed below in Example 8, after about € hours of 

leaching, approxir^tely 85% of the total arsenic in the 
arsenopyritiC; concentrate, was leached into solution in its 
+3 oxidation state. , V 

Once a predetermined amount of arsenic has been 

30 leached into solution, the solution and concentrate (i.e. 
arsenic refined ars^nopyrite) is parsed to a thickening 
stage 16 in a similar itianher tb the . process described in 
Figure 1... Refined areenopyrite solids e.re flocculated and . 
drop out as .underflow stream is, whereat the arsenic 

35 pregnant supernatant solution passes but of the thickener. 
. as overflow stream 20 to arsenic precipitation stage 42; 
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'".Vairsenopyrite "solid 'st«am: X8 ; : is;':now passed jj£6; : j!^--;see^ 
; : £:j:^'^ 72- for le'acto 

cppd±€±pns in t he * second ieaqhing- 'stage::;. are m^^s^e 
r,:5 : • than ; the first •■ leachingr ; stage ^jT^.thjLn: ^xjBgaj^^&Xi^ ^±Ap^^S : 
. -. such as-'oi^en-; is^spagr^d^i^ &&*T.y7: 
■ . • , oxidation": " 
/•.volts;; - In • eiddil^onV-- the :: temp^^ -^s^-u^i^^i^ 

second ieaching : st aige ;'i's :;ttta3&t^ ^ouhd;; : ip5?C * ' : The pH r 

10 of the solution in the .second: Xea^ 

- at: less th^- pH; ; l>/:.^^ : ' :5;-V^\ 

Because'; acid -if corisuniedin fcixi^ . aecbiid 'stager leaching 
process <ie. as Cu(ii) and Fe(iii) are^r^auce'd : t6 : . Cui(l) 
and: Fe (II) respectively) it may: be necessary to 
15 periodically or continuously supply acid to the solution, 
such as sulphuric acid, hydrbehlpric. acid or another acid 
that does not interfere with the. process chemistry. 
However; the top-up of acid depends on whether sufficient 
sulfuric acid is produced by the leaching of pyrite. 
20 jteintainihg low pH in the second leaching stage also helps 
solubilise Ab (V) V . . 

In ariy case, in tf*e second leaching stage sulfide is 
oxidised through to sulfate i iron is leached into sblution 
as Fe(III) dnd a; proportion of any remaining arsenic in 
25 the awenopyritic pre is;>l0o . leached, into solution. The 
inventors have observed that a further 10% of the total 
arsenic can be leached into solution, such that final 
. residual arsenic f rom the leaching process, is at 5% of 
total in the concentrate feed. This equates with arsenic 
30 levels that are sufficiently low for the residues from the 
process to be safely disposed of. 

The ieachate fro^ second leaching stage 72 is passed 
as a stream 74 to a solidr liquid separation stage 22, 
similar to Figure i, where the residual solids are 
35 filtered from the solufcipn. and a liquid filtrate stream 24 
is returned to and ^ciqit^±]^l t ^^ overflow stream 20 for 
passing to arsenic p^qipit|iti'op stage 42. Solid residues 
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filtere^-^ /•at-'-st^e;:;^^ as : y 

stream ^i±^^s^£±l^ox^di e61 : i^;^::»s .a . aivxy&'.':%n 
■tliis;^^r^ : *a*er^:nwiy.be - padded „ at; 'stage .22 to^'iroalntain' 
watier; : : ;i<^^ ;'to\tbp- 
•lost' "witli ^t •;/ : -y. -^p^ ■'. SL JZElB. . {•■; 

: xn; fu^h^ 

: ^goia or pther^ pra oftto^pi^^nt/ in. the . 

TOat^rial^ :and pyritic. 
matexiLal . ^oaua«V't^ ; ,gpld or precibus ^tal is not : ." :' 
associated to any isig^ficant extent ^ith carbon in the 
single refractory " iia.t|ria^ thus ba: leached into 

solution in both: the fir^t and second leaching stagehand 
can therefore be recovered in the process circuit- 
However, prior %6 gold or other precious metal recqveicy, 
arsenic (or like contja^nant) is removed from; the process 
solution in arsenic precipitation stage 42. 

In this regard, and as described above, the pH of the 
solution is adjusted to appro^mately 2 to 3 (e.g. by the 
addition of calcium carbonate) > : and ah oxidant etich as air 
or p3OTen :is adde^ to tiie solution ; fcb oxidise the; arsenic 
from its soluble +3 state to its insoluble +5 ^tate . 
Advantageously/ because jpe (III) is present in the solution 
from the oxidation of pyrifce in the second leaching stage, 
the arsenic precipitates out as scorodite (FeAsO«) . As a 
further advantage, because sulfide ..has been oxidised to 
sulfate in the second. leachis^;. stage" i; .^the addition of 
calcium carbonate can he. .^sedr fcibth to raise the solution 
pH i*i. the arsenic precipi,featibh. sta^e, and to precipitate 
out the sulfate as calcium sulfate.- 

The arsenic and solids precipitate together with the 
process solution ^ is. then passed as stream 78 to solid- 
liquid separation stage 48 where the solids are filtered 
f rqm. tfte sblution. The solids residue stream 80 topically 
comprises FeAso 4f PeipV and CaSO* in a ■£pa6»: suitable for 
disposal (e.g. as landf ill) # once again> the solids may be 
rempyed as a slurry and: hence water be heeded to be 
added to the process at : istage 48. Thus, the prererred 
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20 



25 



30 
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^Tfi^hcidi'. accorx&ng ' tp:;?^^ ez^Xfejs - *£'v:. 

retiwai of ^sexiie, ;irOh ai^fsulfi^ 
: f oiona' £ippni' an : original , a^enop^ 

*. . ./^^-Eu^ 

' precipdiatipn^st^e -do ^tia£feefc^ 
''^eacbed,; ingb -so 

"i'sepaxated- : soi^tipn'\S6.^oan ; now be passed to a: preciousv 
■ ■^i^~ttod^x£ - stages - SB.^}iri; a sin^lar ^iuaer . to tbja/vS. : ^ 

.propes? s . &f Figure X - : Typically stage. 58 coKprises^ane .\dr 

mbre^ columns • hous x^ 

prfccipus met^ are adsorbed. 

Periodically a gold product etreatri;'60 is r-amoyed frbm 
stage 58 for gold; recovery (by burning or : eluti^. the 
carbon with adsorbed gold, thereon) . 

As in the process of;; Figure i; : the solution overflow 
62. from stage 58 is recycled to the leaching process, and 
a proportion of the recycled stream may be drawn off to 
bleed circuit 64 to separate out the contaminants, which, 
can build up in the process thereby producing., contaminant 
by-product stream 82;.. 

.. In further accordance' with the invention; solution 
recycle 62 is split to produce a " first i leaching '. stage 
recycle cpn^n^nt 84:. aftd a second leaching stage recycle 
component 86. Where " the basic process solution is e.g. a 
copper chloride solution, copper in its +2 oxidation state 
is recycleid to each of the leaching stages to participate 
in arsenopyri tic leaching in the first leaching stage and 
pyrite leaching in . the second leaching stage.. 

Ref erring now to Figure 3 a process flowsheet for the 
treatment of aXdoTible-refractory sulf idic material is 
shown, in Figure 3, like, reference numerals are used to 
denote similar or like process stages to that of Figures l 
and 2, In addition, tjie upper half (ie. above the dotted 
line) of the process f lowigheet of Figure 3 is. essentially 
the same that of Figure 2 and hence l those ^ process 
stages will not be described again. 



COMS ID No: SMB 1-00234 757 Received I by IP Australia: Time (H:m) ; 16:28 Date (Y-NW) 




jOSy ,^03JFRt ieilT F AX 01298255911; 



GRIFFITH HACK 



«\ : ,\;. • 



r..u;c.-. : -/in '^g^e^'3#: a double;^ 
concentrate • is' treated^ .Itt;:th±s: : :'case the : precious metal \ 
::h . 'typi<?ally. a^JSi^A^i^?^^*^ "with; car)x>ii- ; and : -.hence:: ; that:. . : 
'• •assj6^i&fce4 : gbldi ieO^^ but. jof ^S^f t?: ^ * 

••'5 "cohc^ti^^ inching; ^ 

iAcboxdir^iy^-^ 
together witli an aBSOcia^ed. ^gj^^ld, cotnp«fiierit , ' 
H6^<aye±-r because the: : ;ieai?hing;' prpcese vhas substant iaily 
removed arsenic f . iron> sulfur; and other contaminant's -to 

10 acceptably low levels, . 4^ : -pL^idej[. residue from the 

leaching process is now highly* suitable for roasting or 
smelting iri roasting - stage. 28 . 

in roasting //stage 28, air and fuel together with 
solids material 7€ : : are roasted in a conventional ...nianher,.. 

15 producing a product stream 90 which is then fed to a gold 
leaching stage 3 p . in a known, manner.: Gold leaching is 
typically conducted by oxidising the roasted solids with 
chlorine gas or cyanide (although chlorine gas is 
preferable; because it is less toxic than cyanide). In 

2 0 further accordance with the invention, a propprt ioii : 92 of 
the solution recycle stream from the arsenic ^ precipitktion 
stage 42 is fed to the gold leaching stage 30 

An exhaust gas stream 94 from. the. roasting stage 28 
(typically comprising carbon dioxide , sulfur dioxide and 

25 other SO* gases) is Jed to. a primary gas cleaiiing stage 96. 
Primary gas cleaning stage typically eoraprises one or more 
scrubbers in which water and. optionally recycled wash 
water are contacted with the gas stream 94. 
Advantageously/ any dust iti gas stream 94 can be filtered, 

30 Such dust may include gold chloride (AuCla) and arsenous 
oxide (As 2 Qj):. This dust and particulates can be fed as 
solids or in solution; as a stream 98 back into the arsenic 
precipitation stages 42 : for further recovery of arsenic; and 
gold. 

35 Residual gases from the primary gas cleaning stage 96 

are passed as stream io6 to secondary gas cleaning stage. 
102, typically comprising gas scrubbers in which calcium 
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:":::gasee . . Product; ^stream : ;Xa4^ f rom Ythe: secondary gas cleaning ;:* 
.Hostage .xfca^tiyptg^^^ calc^m-'^l 

f/'.?H^ • ^^;\\^ 

: ■ -\ - ; : leja^^ ^SrJcc^aiiiihg ■ c^s&plTOdrg^ _ 

■•/vlijjii*^ 'to separatee /the goXd y vv:':v 

contai^^ The vecllds 

residue stream 110 is ! passed to tails or ^disposal;:; 

10 whereas :thie gold pregnant : solution is passed to algold ; : 
recoveixY; stage 114 r t^ically comprising ^ 
•carijpn containing column K Carbon and ^ adsorbed goloV:is;. , 
periodically rexnoyed ont as stream 116 for gold recovery/ 
Whereas gold depleted solution 118 is recycled to the . .. .. 

is leaching/arsenic removal circuit to be combined with 
stream 34.. 



ifow that optimal process f lowpaths have been 
described, preferred examples of the method according to 
20 the present invention will be: described. In the following 
examples, an arsenopyrite concentrate from Bakyrchik, 
Kazakstan w^b processed. The aim was to develop a process 
that permitted processing of ail samples of arsenopyrite 
pre provided from the Bakyrchik mine . : 

25 . 



te 1 ; 

Concentrate Characterisation. 
Method: 



30 6kg of concentrate was processed by ultra fine 

regrindirig. The cpnceht2?ate possessed a Pioo 20 microns 



.'. .".V.*.- v.v •-• 
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Product--*- 1 -. 


•:-i.a*er.. 

'rid-crono':::':::. 


vpaflsing--,/:- 


:-BO-.- : -'V 






-99 v : " 




•96. \J:v ^£2: 


12 v-..;"-» 


89 




81 - 




\69-Y\ 




50 


5\ - . 




3 


is. 



The concentrate at P a oo 20 microns Was received in 
three cakes, the moisture content of each cake was 
determined, and the average was /used as the moisture 
content for the concentrate - 



Cake 1.. 

Wet sample + paper * "I±3 • 84g 
10 Dry: sample +: paper? 85V68g 
Paper: 4.83g 
pry sample: 80.85g 
% Moisture: 25,6% 



IS Cake : 2 

Wet sample +; paper: 88.35g 
Dry. sample + paper.: 6£.65g 
Paper: 4 .83g - - 
Dry sample i 62. 02g 

20 % Moisture: 25,9% 

. . . ". • 

. Cake 3 
Wet sample + . paper * . 8 6 - 4 Ig 
Dry sample + paper : 68 - 79g 
25. Paper: 4.85g \ 
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,Dry,;:Sampl6.: {.53* 94g/ 



10 



15 



20 



25 



30 



. v \'3^;^erage'T^ 
F£pro;^ was calculalfcqd. 6hat:£ioOg^ 

transl^ tlie y**t Carie^ 

Oxidation Leacfi ; . ; :* 

Test: s weir© * then conduct ed on the p 10 a. . » 20 ;irii : crQ3wg" 
reground sattrpie.itbi.prpy eviideiice of .'arse^c 

leaching via, a process of oxiitotion^ The. Bakyrchik ore . 
concentrate was noted to contain arsenics as axi 
arsenopyrite . The redaction was deigned : : 'to : determine if 
. this arsenic could be rendered soluble (and hence be '-""„■ 
selectively removed) using cupric copper as oxidant. 

Method; " 

A 1L solution of 80g/L Cu 2t (as GuGl 2 205.130) , 
lOOg/L CaCl 2 , 200g/l. Nad and 30g/li MaBrwas prepared- 140g 
of wet concentrate (-24% moisture/ therefore 105. 8g dry 
concentrate); was added to this the solution and the 
resultant slurry stirred at 105 "C. The pH> Bh and Fe.and 
Cu content were measured over the course of four hours. 

Solids were subsequently filtered using a Buckner 
apparatus and the filtrate preserved for further analysis. 
Solid cake was washed with low pH birine (~0.5L;. 280g/li, ,pH 
0. 3) , the resultant moist cake Was weighed, dried in an 
oven and weighed again. dry solids Were preserved for 

further analysis . . 

Results arid Discussion; 

The pH, Eh and Fe and. Cu tenor recorded over time, 
werfc summarised as. per the table below. 



3.5 
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P* 1 
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^70; 6^. 




'o "is* 1 •■-***•-• •wVw:-..... 


;508\- 


-2 «• 5- v • 


:: -68,--;::;^' 


90 : .,:::.•:*.:• *: :.".v 


■;o..Sy\ " •. ■;: 


:.B0^...;^v '-V 


. .V,. • .... 

•2w5— • xv: 




150:. 'S\:: ;: - 


:0:sr r-V:.- 


-4S5. ; ':':L.'.' 






2iq 


0.35 






/&ir. : 


270 : :::v: 


0 .35 


•■495:y'. : ,'v' 


2;e8.v;-;." 


•64 


330 


0.35 . 


48S : --- - 


•:'2..;:'6€ : : ■ 


65..-. • 



The residue assay ^shows an Ab concentration of .0 .66%, 
'Considering a : calculajted miss loss of 6.5%; the As wag 
5 " leached with. an e££ici^cy of ■82:i3.V%'- 

Tfte reaction, appeared to proceed quickly. A 
significant drop in Eh and pH was observed within the 
first hour; of the reaction's progress. After 
10 reaction stabilised and did not. appear tb progress 
further. 



Example 3 

15 Oxidation Leach 

The aim of this example was to investigate whether 
fresh liquor would facilitate the further leaching of the 
iron/ arsenic . frcnri the previously leached material. It was 
surmised that treatment of the - solid obtained/ from the 

20 previous leach ; would remove more of the arsenopyrite T A 
fresh solution of the primary liquor was prepared and a 
repeat of .the previous i leach was performed using the 
.leaqhed material as the solid feed.; . . 

25 Method i 

A 500ml solution of 80g/£ Gu a+ (as CuQl 2 102 r 55g) , 
lOOg/L CaCl;,, 200g/i*,WaCl . and 30g/t NaBr was prepared-. 30g: 
of the leached concentrate obtained from the previous 
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. . . .... ................. .. ., ................ ... ■ ;;; . ••■ A r» - ................ 

. . . .... ... .... ...... ... . ^. • • .v.-.." •"• - •■- ' •"• ..■ . ■. v .. . ... w ... . - ... .... .. 

'"slurry' ist'irre4"it : ; i'P.5 ! ^c : i.V:pH'; : a^d Eh: : we£e. measured ovar : '-'tiie : • 
;.; :: o6uree;'of-..fotir, hours. Solida^were S^se^entiy 
~&si^ ;^Iliraibe ; -pr^^rved ■ f bx : - \ 

ii^heri^^ 'Solid''%i^e-. : -TO^ 

.- ■ weighed; toi : edj;to " 'mweh:. and . weig]ti4d again: ^The - dry 
■ ' sqliite; were;:pfeseryed ; f or ' further ^'towiysi^:/ ' v 

Samples :.tafken:.- ;£rpp:;i:lgi« sdiids obta^ed froth this and 
the previous .reaction as ■; well as the original concentrate 
were digested using Aqua-regia/perchloric acid. These 
solutions were then analysed for Ataenic using ICP.. : 



.. Results, and Discussion : '"s V' • l-\ 

15 The pH, Eh recorded oyer time were summarised as per : the 

table below. 



Time 
(min) 


P» 


B3v (mV> 




' •*1:.32' 


741 


-0-"' 






•30 .-v... 


0i:55 


588 \ 


60 


0.31 


583 




0,23 


580 


120 




579 


150 . ; ; 


0.31 


S69.."-*'. 


iso : 


0.3 : 


574 


2X0 




574 ". :/ 


240 


: 0-32 


572 



25 



Wet cake + paper + f ilter paper: 72 . 5g 
20 Dry cake + paper * -'filt.er 'papers 40:24g 
. Paper . + filter paper: ..iit.Sg 
Dry cake obtained;: 28.74g 



. The ICP analysis, for Arsenic in the recovered solids 
were suinmarised as per the table below: 
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\\ ' ■ • ■• .V-.-..'-. • ■ ........... 




'jiCout'eiit : ; : '; 


: . Extraction : 


: : : f-Xwtr%>:' 


v concentrate) : 














Leach i. 




' ::,:::e2v:a: --"^ ■ 








Leach 2' •* .... 


,:' - : 0.-42 ' 





.15 



As was obeerved in. the previous, leach the reaction 
appeared to proceed . quickly, stabilising over the course 
of an -hour. A sighif iciint drop in Eh aihd pH was again 
observed along with a decrease in the mass of the solids 
recovered when coir^ared to the mass of the solids fed to 
the solution. This suggested that there was material 
left in the residue .from tlie primary leach that was 
still extrac table. An analysis of the arsenic content of 
both the • f^ed and solid residue from both leaches 
revealed a progressive reduction in the arsenic content 
of the spiids recovered. The results suggested that the 
method could be refined to selectively leacii the arsenic 
contained within the Biakyrchik concentrates: 



20 



2S 



Example 4 . 

Oxidation Leach 

The aim of this example was to refine the cpriditions 
used in leaching arsenic from the Bak^chik ore. Having 
succeeded in leaching *65* of the arsenic cointained within 

Bakyrchik ore; the, method was ref ined to; obtain a 
greater leach perfoinnance. the method focused on two 
azreaLs: firstly the lea^ 

secondly} the reaction was carried out at various 
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15 



20 



25 



30 
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•■ - • •• ......... 



v.- ...... 



.^Sj?'© Ranges ; ted::.on/i^ leach Efficiency.' 



v... . s- .... ... ... l% . ... . . 

' v '' v • •• WWW - w 



- .-.*. ... ... . ... . ... 



- Methods- ■•r Vv\il:f^^ » 

• 150g^.:c^l 2 ;,#^g) -and; 3k5pg/I, ! NSGL ^ :( 750g) :wasr;pr^ 
/heated^.to SA^C^jhjCfl sol^ibri W^" th^ di^ic^l -into .t&js^ 

l;5L^ ; eolut£ojisv ..each 1 so]toti.pn -performing an oxidation/ ^ ' 

leacli imder different cp^itions on: the equivalent of . 

142.c86g .wet : "-c^centrate : "^24% Mlsture, therefore 108^; dry 

concentrate). 

Oxidation Xieach solution it .Leach was pisrf ormed at 80 °g 

Oxidation Leach Solution 2: Leach was performed at 100 °C 

Oxidation Leach. Solution -3:r Leach was performed at 80 °C. 
Starting pH <0.4, \ fih >550TnV 

The pH arid Bh of these ablations was measured over 
the course of two and a half hours;.. Sauries from each were 
taken at intervale and analysed for their iron and copper 
content... 

fifolids were subBequently filtered using a Buckn^r 
apparatus and the filtrate. preserved fbr further analysis. 
Solid cake was washed with low pK brine (~il> S&0g/L f pH 
0.3), arid the Resultant moist . cake was weighed;: dried in 
an oven and weighed again. Hie dry solids were preserved 
for. further analysis;.. ; : 



35 



Samples [ taken from, the solids obtained* £rbm 
reaction as Well as; fh^ original concentrate were digested 
and analysed fpr arQeriic^. copper and iron using ICP. 
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: Solution Assays 







■ . •. 

v. 


• - . ...... 




As (ppxa) . 

•From/XCP..: 


; Comments 


: 0" • 




720 








: Solids addeia: : 


6. • 






.¥lv-v:. : v 










6.95. 


535.:- H 




0y:79 ; 






60 


0.75 


525.- 


77 


1.14 


1033 




90 


0 1 70 


520 


75 . 


1.28 : 


1152 ; 




120 


:: b .'7b; • 


520 


#5- ' 


.1.41 ; 


1216 




ISO 


0.70 


; &l€l : 


74 V." • 


1.53 


1308 





■ 5 

Wet cake + paper + filter paper: 173. 24g 
Dry cake + paper + filter papers 105 <48g 
Paper .+ filter paper; 11 -5g 
Dry cake obtained: 93.98g ; 
10 • 

Oxidation Leach 2 tl00°C) Solution Assays 



Time 
(min) 


pH 


Eh 
(«V) 


Cu 

(g/i.) 


Fe • 

(g/I> 

) 


As (ppm) 
Prom ICP. 


Comments 




o : 


1-88 


735 








-Solids added 


0 


1.5 


561 J 


7i 








30 


1.1 


525. : :,. 


79 


.1.75 


1473 




60 


1:05 


52:9; 


79 


1.85 


1532 




90 


0 , 98 


529 


90 


2.0 


1636 




120 . 


0 . 94 ;• 


525 


84 


2.0 


1678 




150 " .... 


0.89 


'520- 


85 


2.14.. 


1761 





Wet cake + paper * filter paper: 170. 3g 
15 Dry cake. + paper * filter paper: 113. 32g 
Paper* filter paper: .11. 5g 
Dry cake obtained; 101. 8?g 
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Oxidation: Leach 3" (&0*CV : low t^y " abjut^bii^ 



. • .... ..... .......... 

v.; v. ■. A - . 



Time .: : . 
(rain) 




.Eh--,-; 


■ ;: :;H 
...<sr/L)I 




"From./lCP:''' 


Consent S /.\ ' ■ 




0 


0.35 


712 






V.J--- ..'AZ-.A.-"^ - ., 


Solids added : 








: ; 7ir 












.At*:-" 


: 7«e 


1-06 


741 




Vo7. : • 




::53 : 2 ; -'S 




1.41 










W\- 


74 


1.51 


ao82 .; 




120 


: 0> -4 -'- 


"520 


:-75: -. • 


i.si 


lie?-.'' 




isd 


0.43 


515 


73 


i.6i 


iiei; : 





5 Wet. cake 



t Paper + filter paper: 172. 4g 
Dry cake + paper* filter paper: 108. 4 6g 



Paper + filter paper: 11. 5g 
Dry cake obtained: 96.96g 



10 The ICP analysis for arsenic, copper and iron in the 

recovered solids are summarised as per the table below. 





Ab% 


Ctt% 




As% 

Extraction 


Cons 


3.22 


0.09 


8.38 


0.0 " 


Leach 1 


1.07 


0.31 


5*22 . ' 


71.1 


Leach 2 


0 .25 


0,30 


2 . 85 


92.7 


Leach 3 


i.57 


6.30 


5.40 


56. 2 



15 



These results clearly indicate that the rate of reaction 
is significantly higher at 10Q 9 C than at. 80°C. 



Bx ample 5 

.. .iron/Arsenic Rejection process 
;20 Method.: 

Liquor obtained; £xom- a previous oxidation reaction 
(low was returned. to the vat and heated to Sb°C.with low 



COM3 ID No: SMBMK234757 Received by IP Australia: Time (H^) 16:28 Date W 2003*5-02 




5 VQ3 PRr 1 8:19 FAX 61299255911 



-GRIFFITH HACK 



10 



15 



: r tte :li;guor : : were measured -.and*:' a -rsan^le;- talcan- :The li<^or:l\ :: 
^:was,^ pH: and . 

■.'••Eh-; of :;tfce^ 

. : thirty iriinutas ' thea^f £ot the: xej,4sti'oh-. 

; proceas'-was cpnsidezted/;to: : 

: : filtered' using, a Buc*ter .a^kr^us,^ad tha-TO^^cted': .'• 
precipitate . wjas Removed a© : a filter cake 1 The wet cake' wsie^ 
v^igheS, and then; diried oyer twenty- four hours in ^: : pvenJ; 
The^^-^ wae then weighed and a sample digested for ; ; : 

..analysis.^ . 
Results and Discussions 

The pH and Eh and tenor of the liquor oyer time were* 

: summarised -fas per the tahle below. 



Time 
mine 


pK 


Eh.", 
(ntf) 


Sampl 
e No. 


AS 

(g/M 


Pe 

(g/L> 


AAS 
Cu 

<gA0 


AAA 

Fe 

(g/ii) 


CoOTxumts 


0 


0.7 


500 


1 : 


2,8 


.'3 -7: . 


8& 




VolzlOL 


6 ■ \ . 




500 












air@iooii/Hr 


30 


LI: 


510 


2 s 


2^3 : 


3:."*6 '.. 


§0 ' 


3,3 ; 




60 


.1.5- 


520'; 


3 ■' 


• 1.2' 


2.7 


90 


2.6 




90 


1.6 


525 


4 • ' 


0 .6 


.2;.4:- 


91.:'. 


2.2 




120 


2.0 


530 


S- 


0.3 


1.3 ■ 


85 


1.6 




ISO 


2.1 


535 














180 


2.1 


545 














210 


2.2 


555 














240 


-2 : . 5 


570 


6 




0.5 


88 


<6.1 


BB,Cu^88 



wcsu caA,e f pcipei: + gcxx^er paper: 257.2g 
Dry cake + . paper + filter paper r 128. 94g 
jpapex: t filter paper:. 11- 5g 
Dry cake obtained: ll7.44gx 



20 
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■. .v. - ,- ....... 



- S3 



Analysis . of;: the precipitate ehoWd : »the : - £ ollo%&ng results j 



^EiLemeht 

";-;V:-:-\RjS . ./*' 



v ' 1:5* " 



Oyer they four hour period of the experiment, essentially 
100% of both the iron and arsenic were precipitated, 
whilst concurrently the oxidation potential (Eh) was 
restored to a lero£;:h&gher: enough to be used for further 
leaching. The Fe/As/^ 

anticipated that FeAsS was precipitated with other Pe 
based compounds • 



Example 6 
15 Iron/Arsenic R^j action process 

' Method ; . ' ■ . . , . 

Liquor obtained from tiie oxidation reaction (ipr,) was 
returned to the vat and heated to 80 b C with low stirring. 
. Upon reaching this temperature the pH and. Eh of the liquor 

20 were measured and a sample: taken. The liquor was then 

aerated ( 10 OL/Hr) with agitation/ and the pH ^nd Eh of the 
liquor was measured and /a sample was taken every thirty 
minutes thereafter. After fpiir hours the rejection process 
was considered to be cotnplete , /the liquor was filtered 

25 using a Bucher apparatus and the rejected iron precipitate 
was removed- as . a filter cakei;.- The wet cake was weighed, 
arid then dried over twenty- four hours in an oven.: The dry 
cake was t&en weighed arid a sample digested, for analysis. 
Rgsui t b and Pi scusaiori s . . . . 

30 The pH, and Eh and tenor of the liquor over time were 

summarised as per the table below- . . 
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..v. ... .v.:.. * . ■■• * ;* - "* • . -. • .... : y . 



Time* 
■3oixm . 




£J3Ii:.:. 
7 


;:Sga^ie.':. 


'AS-;,; 

\ 

/ 


;(g/i.) 




F<a: 




v. 


. v-./ ,;. 




* 


2.8 


3 .7* 




3 :*7;. ::' 






..U.., V...;. 


;p.UU 














.30. 




510; 






; 3>6 V . : 




3.3 ■ 




60 




52:6.. 


;:3 :V/ 






on ■ • 




■;. . ^ ;;-;- • -; — - - " • "" 


90 




: 525 


-4> : .v 


-6;.:6. : : v' : . 








■ ■ ... ...... . ,, ... . 


120 


••2 : VO : "' 


530 


is-'"'. 


0.V3--.' 


>i*S' ■*/ 








150 


2 -i:- 


535 












- • V 


180 


•i'.-iv- 
















210 


.'2.-2" 


:555" 














240 ; 


{2:5y 


570 


6 - 




:0-5- 


88: 


<0*1 


Cu cot . 
88,Cu 3 t:88 



Pry cake .+ paper filter paper: 128. 94g 
Paper + filter paper: 11. 5g 
; Dry cake obtained: 117>44g 
5 Moisture component: 128. 26g (47.8%) 

Example .7 

Leach o n regenerated liquor , lower a lurry density 
Method: : 

10 V".".- , A 30g sample of wet concentrate (-24% moisture, 
therefore 68g dry concentrate) was added to the liquor 
obtained from the oxidation reaction (1>SI.) and the 
resultant slurry stiffed at 100-105 °C r The pH and Eh of 
the liquor were monitored and a sample takeii every thirty 

15. minutes over a four hour period. After this period the 
liquor was filtered using a Bucher apparatus and the 
filter cake removed, the wet cake Was weighed arid then 
dried over twenty r four hours in aii oven.. The dry cake, was 
then weighed , and - a . sample digested for analysis. 

20 Results and Discussion: * "• . ^ 

The pH and Eh ajad fcenp^ the liquor dyer tirne. is 
summarised in the t^le .H^pw.. 
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TUB . , 




(mv) ; 


vBSUBplO;.. 
■ No* 


-cd' (g/ti) 




--•JUC.'(0/M:i! 


Ctt (ST/Xi): ; 


'.: 


• 0. .... 


2 ...5.,, 
















io... 


I.vp ,: 


ret: 

939. ._*•* 














--3 CK' 




;55,0:" : £ \ 


x 




'X.*' : S .•: 








60 T 


i 1 3 r i 




















";sWo£--. 


3--:: 


87- 


?-i;.2- ■ 








12 0 




:S40^' 




:67;-.:' 


TP - B 








150 


i.i 


: : 535 : C 


*Br ■ ' - -X 


88 










180 


1-0 


■•53*:""- 


■6" 


85 . 


1.0 








210 


1.0 : : 


tS3y " 


7 , ■.' 


88 


1..0 








540 


1.6 


V536 : : 


a " 


.87 


i.i 









Dry cake obtained: 58g 



S First & Second Leaching; Stage Examples 
. Example 8 
First stage Leaching 

In this, exarqpla, the aim was to confirm through a 
simulation of a continuous process that the operating 
10 conditions used for batch testing would apply to a 
commercial operation* This experiment also provided 
material to be used for a pyrite oxidation at atmospheric 
pressure. 

As shown in Figure 5, continuous operation undear 
15 conditions similar, to the batch processes of Examples 2 to 
4 consistently, delivered ari As extraction of 85%. 
Procedure 

7.5 litre titanium reactors were employed; with the 
overflow from the first connected to the second; which 
30 subsequently overflowed into, a Holding; tank. During; 

continuous pperatipn, 2 litres /hr of solution was fed to 
the, first reactor. jrpm : : a -feed' tank using a peristaltic 
pump. The solids addition rate was I44g/h and - was • achieved 
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;;^-tta^^ 

I '^5^ ..7*'5 : ';L "o#' ^ was added • ^H? / 

miqr<^ gr/tonrie> ^ and 

the xeBultaiit: slurry; agitated and rtonitored every 30 mine 
for Eh, . pH, As, ?Fe and CuV After .3 Hpiirei V a IpOml slurry 

10 sampled was! tS^^^ 

washed With ttldfeyhriiie solution . The J ejolida Were then 
dried ant^V and iron. 

After 3 hour e, continuous operation was conducted: (as 
described) for a further 10 hours , with a 200inl slurry 

15 sample taken every 2 hours and filtered as described 

abgye. The solids were then dried and assayed by ICS for 
copper, arsenic and iron. 

The results are summarised in the following tables it 
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- v. w. ... .... 




o 

JL 
2 L 
3 . 

4- 



60 

U80 
240 
300 



Simp!* 



* 0 



6 

•?::• 



-CSL 

as. 

90 
88 

• 85 V 
•85'-- 



Eh 

: 620.. 
M? 5o T 

530 
530 
530 
S25 
520 
320 



yft9/ 

&8 _ 

0L6 



. 84 
86 . 

95 
105 



JML 



13 
IS 
1.7 . 
1.8 

• aj , 
2.7 



,1.6 



10 



480 



540 



8. 

9 



■ 84; 
83 



:519 



99 
"98* 



660 
_6HCL 



10 



83 
83 



514 



516 



0/4 



-2d. 

0.4 



98 



2,8 
33 



Z5 

.2.9 



^3,1 
2.94 
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©040 



. V..!!' . ' V " " ♦« * * • -••■v- v • . I-.-V-q •».']. 

- ■] . " '•■ .. ■ . • . v.v, .... ........ ... . ...... v ,,... .".•v.^-o...... 

iv ."*'.'. • - .• . •-•■...■...■.-,-!-...., v.; "... ' ; : '. 

y..v; '...*v. " ' ■ ■ ' "•••■v.. -. - — ....... 

* '*"*^.^/,' . ! .** •* ■*- * ■ *."•■♦* * ■•■ ■>' . •* *•■■ ••- ..-.--*', . '. ri-i 

' Solad- to^ tank' : ;:2.' 











r;Cu 


: : >VXb'" 






pfesGjriptlbn 








Extract i 

•V.v on. 


Load - 






(%):: 


:;<*):/:.'.:-' 


V (%) i 


{%) 






Feed 




;- 73^20. . 


O.OB 


o.qo 


0.00 


• i-. ' 


Tahk 2 •* 
Solids 1 


•' 4 : . 25 - : 


0.58 


0.50 




6; 55 


2 


-Solids 2 


4.15 


0.42 


• 'P-52';-... 


87.8 , 


6.79 


3 


- Solids 3 


4.55 


0.51 


6.55 


85.1 


6.27 J 


'4' ; 


- Solids 4 


4,15 


0.51 


0.42 


85.1 


6,80 


mix 


- Solids 5 


4.50 


0.52 


0.42 


84.8 


. 6.44 


Average 










85.2 


6.57 



5 Za^opie 9 " 

Second stage Leaching 

The aim of this experiment was to evaluate the 
possibility of oxidising, the pyrifce component of the 
residue, from an As leach, at atmospheric pressure with 
10 pure oxygen; 500 g of the. residue ^btaihed during the 
continuous leach teafey^/Bfca^le .8 was used in this 
experiment. 

The pyrite was successfully oxieaised with oxygeri at 
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20 



25 



30 



vv./.w,w.w ....... 



©041 



- ..... ... w , . v. . • • ...* v.-.-- . * , w . j. ;. ; ' './•*•* • - ■• •• • • .• ... ........... v." •-•.v.-.. ■ 

....... •• ... "... • • - ■ . • . w." ... •■■^f* .... / • .............................. y .w... **'■-"■ 

... .. • . ./ ' • v.-...-... r» ...JJ2K- - v. ' ............ .... ..*..."' '. 

•.."v.- .. . -V " ." " v * " • .. ...... . * v.-.- ..-v -..'v. .... .......... v# .. V" " 

.... ..v..".* *."• .v; ........ ... ..... ....... ........ . . .... w * • v.. ' ••• • ......... ...... ". ..." • " '•' 

. / .extxicclon;. were both, AKi^ (elemental ' 'V -r' -Tv-"/:':.';. 'V.' V*:::.- 

; \ S^lf ui^ ; in -.-the. was; e<^^ the • : : : :. 

v .- *>>' :;*.;/'• ,.-r->;' ■ • :. : v ;..;?\y;fr : ./ •"^ 

Procedure - . ' - ". : v : ~;>- 

A 7.5 ti titanium reactor was prepared with, a turbine 
agitator f or gas disperse 
10 gas injector oh a large yellow hotplate. 5 L: of brine 
. solution was prepared in 7.5 L titanium reactor with. the 

following composition: . 

250; gffi'ti^^S&'g/p Qs^, 20 s/^ p^ (from cupric V.' 
chloride) and pH adjusted < 1.0. 
15 , A representative sample of dry As leach residue from 

Example 8 was sent to an external lab to analyse for 
' elemental S, total s/ Au;, Pe and As. - ' / 

With the agitator Mw aet at ..80 Hz on the. vst), the; 
temperature of the solution was raised to 10 5 PC; senile 
t-0 is taken, Eh & pH were monitored and 5ppg of dry 
arsenic leach residue f irpm Example 8 was introduced into 
tlie solution. After 30 minutes/ a sample of solution was 
taken for Fe, As & Cu analysis and- Eh and pH were 
monitored. 

Oxygen was introduced; at the rate of 1 L/min. Eh, pH, 
Fe., Cu and As were monitored every 30 minutes for the 
first 3 hours and every hour after that . -When the soluble 
Fe assay stopped increasing, the experiment was considered 
complete. 

The last sample waus taken, the; suspension filtered, 
the . cake Washed twice with acidic: brine /f ollowed by hot 
water until the filtrate y^s clear, Tfoe washed cake was , . 
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-Experimental Results: .;' : 

IIS 

-ili^itoaeii: •solid. >teigi^:v:^:'-'-''2j : f.;. r - - !;t:"^ • r ••H..^'^'--;§^:^: 

' Y ^er:.;*^lier •^aper: : ^744-.27 ; 7'; : • 

•^:;iPaper.:^- -filter papers. 66 .0» • 

;Dry oaJce obtaiiied;; 424.87 :: 
' ' .Mass reductions. IS .' % -' *. >. \ • '- 

Solid AaalyeiB «eed to ^ite Oxidation witto Oxygen 
information in dry wt % : dr ppm. as noted 



Description 


- Pe . 


As 


Cu 


AU 




• s. • 


(%) 


(%) 


<%) 


: Ppm 


<%) 




Total 




0.S5 : 


0 .61 


mm 






Soluble 


0.01 


0.03 


P . 10 








Insoluble 


4.30 


0.51 


0.51 









15 Solid Analysis residue from Pyrite Oxidation witn Oxygen 
Information in dry wt % : or ppm as noted 



Description 




Ac 


Cu 


;.Au : 


St 




(%;>. 


<%> > 


(%) 


ppm 


(%> 


<%) 


Total ■ 


0.52 


0,19 


0.35 








Soluble • 


0.01 


0.01 


0.01 








Insoluble 


0.51 


: P .18 


P-34: 









»r. & As Extraction isqn jGpncen.trite to Pyrite Qkidafcion 
2Q residue •■ ■ ;W • 

. :Both As and ^tr^etibii exceeded ?5%^s. : '* 
_ dembristrated in the following, tables: . 
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•- .v. v. % f .'.v. • ... . 
... ... v..-'--,v .v. 



.-. V." V vv .. .... . ... .. 



. •* * v • -.-.v .V.V • V.V V • 







Sample 


. *p ...... 




En..-. 


- PB - : 




.....jjg.:. 


Fe- v 


. ^ An ' 


:*'.Oi'" 








:: •(#) ::• 


rS 








(bpO : 


<*>». 




\ m 




















AA 


::: AA- ■ 


TCP 


IGP 


ICP 






::.*"0 *v 


if 1: . 


VJ2. : 






AAA 

0.82. . 






-n 

V. 


... a ... 


20 




•- : : v "i. 


;::-30 


; • 


W 


■"•/;o.s.,r 


570: 








021 


: O08 : 






.V * ' 


60 


:': -3'::, r 


- 50.: :. 


: ;-l££'-.: 








022 




010 


... 18.;:. 






•::.90::. 






/ -.as: -: 


V :S80.::.: 
















' *v...- 


120 










a» 
















150 : - 




: ' -.j3 


0.3: 


580 


l.oi: 














■ -.6"". . 




: .4' *: 


<88 : 




570 


0.95 




039: 






. 10-::-: 




" 7 V. " 


210 






as 


sso 


0*5 








































.:.* 9 : ■' 

































T 




Eh 


uH 1 Gu 1 Fa I Fe | 


As 1 Co 1 Comments . 






C*) 




(torn) 


mV. 


























1 


o 


1 


101 


I 


530 . 


-AO 


- 1 ft < 




old 


W.I J. . 


* lft 1 

• AV'.i 




..2 :. 


30 : 






" .1 ' 


382 


i:. 














3 


-■ 60,.:; 




105 


1 


• : S85 : 


P-95 . 














4 


OA 




105 


1 . 


"585 


0.97 . 














5 


120 




105 


1 


583 ; 


1.07 














6 


150 




105 


1 


582 


1.14 














7 


ISO 


2 


103 


1 


593 . 


1 


18.8 


OS 


L0 


0.19 


18.6 




- vv.8- .-■ 


210 




103 


1 


S» 


- 1 














'. 


: 240 . 




:105 


1 


600 : . 


093 














10 


270 • 




105 


.1 


585 


09S, 














:: .11" . 


300 




103 


1 


600 


0-93 












New pa probe The oUtmipp 
fWty- iter w Myuv* 


1* 


3(6 ; 


3 •;. 


102 


1 


610 


\<o:i 




1^ 


is 


025 


212 




- : • 13 


390 




::i02v: 


.., 1. 


.- 609 - 


:<04: 














14 


420 


4 . 




:. 1 


606 


<0J- 


: 21 


13 


1.6 


0.27 


21^ 




.-.-is : 


. 430 




105 


1 


616 


<0.1 














"• 16 


480 


"5- • 


105 


; V". 


614 


<504: 


20,9 


1.4 


.1^ 


0.26 


1W 




17 


480 




105 


1 1 ■ 


: 60S:: 


4*1 :: 














18 


540 




105 


M •: 




<0-l 














v ft 


570 ; 




105 


• 1. - 


630. 


<o;i 














20 


600 


. 6 


105 : 


l: 


627 




26.2 


1.8 




,0-33: : ; 






-7. *?; " 


630 




105 


: i\; ; ; 




:*it:- 












t • ■ ■ . 


r : - 22 . 


660 






i . 


:-:*29-::. 




27.1 


l;5 




0.34 


25,1 






690 




105 


1 




?=0.1 














\ 24 . 


720 




105 


1 


:.624>v 


<0.1- 














: 2s 


750 


- 8 


105 


1% - 






;252 


1.8 


1.7. 


.031 


•-:232 




26 


910 
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• ; v.-. . • ......... ..... . • ' ' i 7 .. . . i'/. '.''^\\ '. , ' / ' ' 



vPyrite : '.oxia&i^ 



•-V.V.-.V.V.-. 



• _ .- • 







::/Resiciue:; 


Mass (g) 

; ,p^a.;;;.: : ;.jResiaue-. 












• - . 4'. 3: 


V.p;- : 5i^ : -- : 






0.5 


/0.18 .v 


. 7 ;; : -.,-; : : : 0\a-: 



Equivalent Concentrate 





'■.-'Mass 
(g) 


Concentration 

<%>, 




53S.2 




AS H 


17, ig 


3.2- 


FeASS \ 


37.2 




. Fe. 


46.0 


8.6 


- ! FeS 2 


- 25.6 


4.8 . 




29.4 


'S.5 


S in FeAsS 




1.4 


S in FeS2 


"2*2 ..'l 


■ 4..1 


Fe . in AsFeS 


12.8 


' 2.4 -. 


Fe in Fe32 


19.3 


3.-6 . 


J. Pe other 


14.0 


2.6 - . 



Fe and As extraction from Concentrate to Fyrite Oxidation 
xeiaidue: 



10 



.Fe 
As 



as. 3% 
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> ? : ;; :Bxt»cticm "off elei^fcal ^iphii*fe ; it^-t^ : 
oxidation ; r^ 

■ tSe.- S;.^sppi^p^dj : with -the' ^pi$S: : ;pr: 1 ^*:.±n: the 
conceirtrater'^ •''-'•^ : -- ^""H'^B.-" C'./ :. . -V" 



Elemental Sulfur :;;; 
• : -Cv/;Fioat rHead -JSantple 



residue 
Total 
Carbon 

- Mass Change 
S<a) related to 
concentrate 



0.55.. g 
0.21 g 

0.14 g 1.6% 

.'/: 79% 

1.28% 



10 



15 



20 



Nov that preferred operating details of the process 
have been exenplif ie^* it Will b4 appreciated by those 
skilled in the art that, the method of the present 
invention includes the following advantages: ' ■ ■ 

• The method can be employed to recover ptecious metals 
from sulfidic ores and concentrates Which aire, othterwise 
difficult or iinpossibie to treat using conTOntibnal 
available prp^esses/technig^es such as smelting and 
roasting/ 

• The. method can accommodate a high carbon content in such 
ores, because the method .is conducted in solution, aiid 
thus blinding agents can be, eoqployed to prevent precious 
metal adsprpt ion onto, carbon, whlcih can otherwise 
interfere with precious metal recovery;. 
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10 



:15 



- . •. .......... - VM- ". ' \. .".-■./"„ . - : :._....:; ,. % .. . ' ' A . ■ -.• 

-*'-.. - • -'.y* 'y\ "' ".^T;!:'[-'\" " ".**" v ... . .y,.:.. .. *. *; ..:."." :". ^ •™^™i'!vv r, * * •'-'•"••*•••■•■-•• -•- 

" wi'de!: : :i^iety^ 
•r-aTnoyed;:;:.iaii > : then be::! treated, using • i^ny^^icic&Li \ ' ■ 

• ■ in #hi^ :.remov^i : ^f . axseii^cV'-' 
iron, aiidr^tilfur : in-readi^ frbm,^ 
qr£g^^ : arsen^ 

tr^fc^le/cpncentrate.' V-; \.v^ : /".^';"i : -.-- 

• ; The! method has the capacity. .tp Recover a wide variety of 
metals of economic, value, especially-precious mitai^, : 
using, simplia hon- cyanide baaed leaching and separation 
processes, and including activated :carbdii: adsorp^ipjnu 

• The method can be weed to treat contaMnated . residues , to . 
allow them to be subsequently disposed of with reduced 
environmental impact . 

Whilst the invention has been descr Abed with 
reference to a nuiriber of preferred embodiments, it should 
be appreciated that the invention can be embodied in many * 
other forms: 
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IS 



20 



25 



30 



35 



:"' \* • A .^t^d-of ' 
^•^t^^ftl. pc^ris^ing-: the stepa- *;of s?::::::' : 

|;:>rai^^;:fche ;' niate^al^ solut ioti ;!£ ;. " ■ 

V: . " 
"; tcpaixced-. ^"teelatiyely lower :bxiri^ 

- ••a^mcwltig ?^iB CQntandlnant from : t^i^^fem*"^^Iaft 
^®9^rtfe^afcittg ; ' the ' multit-valerit' : e^^ci.e3'' : ^bvjj)58 relatively \"\ 
high ^idat^pn : state. ' 

2> A metliipd of removing ' a cohtaMn^t-: f rptii a sulf idic 
material cowpriBing the steps of; 

♦mixing the material in an aqueous solution having an 
oxidation potential controlled to oxidise substantially 
only the contaminant to render it soluble in the solution, 
thereby producing; a contaminant refined material; and 
♦separating the solution, from the contaminant refined 
material.. • 

3. A method as claimed in claim 1 or 2 wherein the 
contaminant is removed from the solution by precipitation 
through the introduction of an :caddant into the solution 
in a pracipitatibn stage. 

4* A method as el aimed in claim 3 w^en dependant on claim 
l wherein the oxidant simultaneously causes the multi- 
valent species to be oxidised to its relatively, high 
oxidation state. 

5. A method as claimed: in. claim 4 wherein^ after 
precipitating and removing the contaminant khd 
regenerating the multirvalent specieB to its higher 
oxidation state, the solution is recycled to the mixing 
stage.: 

6. A method as. claimed in any one of: claims 3 to 5 
wherein iii't:he'p^ 

maintained at ; ar^u^^j^ -2-3 / 
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10 



15 



20 



25 



■ ;.' ^^P^S^t^^d^^ •. 

: ^V.^**^" - as • ^^d'to^aim^s- whereiuvthe leaching 
\*??»*? : : first^leaching stage^n Wch^^- ^ 
oxidation potential is controlled to oxidise. substantialO*: ^ r 
only, the contaminant to render it . soluble^' the- Solution PV 
and a ;second leaching stage in which the oxidation • ; : !• 

potential . is increased toVoxidise sulfide in- the - 
contaminant refined material .. 

10. A method as claimed in claiih .a w^ein the sulfidic 
material is a pyritic material,; a»d in the first leaching 
the stage the contaminant is oxidised at a solution Eh 
sufficient to oxidise the .contaminant and leach it into 
solution hut not substantially leach pyrlte . , 
11 - A method as claimed- in claim 10 wherein, in the first 
leaching the stage the solution pH is less than the 
solution Bh: is, around 0 .5 volts, : and the solution : 
temperature is around 10S»c. . 

12, A method as claimed in any one of claims 9 to il 
wherein the sulfidic material is a pyritic material, and 
in the second leaching stage the pyritic material is 
oxidised at a higher solution Eh then the .first leaching 
stage, the Eh being.sufficiant to leach Evrite.' 

13 , A method as claimed in claim; 12 whereih the solution 
PH is less than 1, the solution Bh is around P;6 vplts, 

30 and the solution temperature is about 105*0. 

14, A method as claimed . in claim 12 or li wherein to 
achieve the: higher solution ph ih the second leaching 
stage an oxidant such as oxygfen, air, chlorine gas, or 
hydrogen.; peroxide is added, to the solution. 

35 15. A method as claimed in any one of claims 12: to 14 
wherein, in the second- leaching stage a low pH in the 
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\aiaphiiric^ acid : ^*;:hy^o " .« 

: — W fcllod claimed in ^y::one^^o^^ to.-'is'. : '. • 

^aching; stage f or-, ^^mdval^ 
■j: r 7 * as claimed in j ^aim ;16' ^erein • ^l^sep^atiei ■ ' 

is " ccn&iried/' ,i^ : r; : -:;^ 
V7 c^and^abtVi^ the ^ combined * solution <fcy'.;^: 

precipitate^ as defined in any one of claims 

10 > 3 to:- 7..*:, /X- : y ' v; 'v ":. ; :v..\ V' ■ ■;• -'-.v ;. 

. 18 . A :math6d ; as :claimed in claim 16 or 17 whereih 
contaminant . refined, material that is separated from the 
solution after the first leaching stage is fed to the 
second leaching stage; : 
±9. A method as claimed in any 'o&r 0t - i^+jFxmamai^ claims 
wherein the aqueous solution includes a dissolved metal 
chloride. 

20. A method as claimed in claim 19 wherein the chloride 
concentration is approximately 7 moles/litre. : 
2.1. A method as claimed in. claim 19 tor 20 wherein the 
metal in the dissolved metal chloride functions as the 
. mult i-valent species. - . 

22 . A method as claimed in claim 21 wherein the metal in 
the metal chloride is copper or iron. 
25 23. A method as claimed in claim 22 wherein in the higher 
oxidation state the metal is Cu(II) or Pe (III.) and in the 
lower oxidation state the metal is Cu(l) or Fe (II) , 

24. A method as claimed in any one of the preceding claims 
wherein the sulfidic material is a pyritic pre or 

30. concentrate. 

25. :A method as claimed in any one of; the preceding claims 
wherein the contaminant is arsenic/ antimony or bismuth 
present in the sulfidic material. . 

26. A r^thod ; as claimed in any ohe pf the preceding claims 
35 whereift after removing the contaminant the solution is 

recycled to the leaching stage. 



20 
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• m ^^/^. ^^W^.M? 1 ': any tfgie;: of the ' pt^fedir^ - ^iirti : 

y';/"^* 1 ®. containii^ method- :'.Yi> 

oxidation^ arid additionally, or ^ter^ti^lty Ci£ provided 
in-line prior and/or : s\i^ , 
10 -precipitation*' y 

29. A method as claimed, in claim 27 or 28. wherein the 
siilfidic; Cnvaterial; : is'-.a double-refractory or^. "'m&&'-'tbm 
metal recovery stage is provided as a separate, subsequent 
3t age, to recover metal present; in contaminant ref iii^d 

15 material solids from the lekching process; 

30. A method as claimed in claim 29 wherein the: metal 
recovery stage comprises a conventional roasting or 
smelting process to which the contaminant refined material 
sp.^i** 5 f»« the leaching process is fed. 

20 31.; .A method , as claimed in claim 30 whereiii chlorine or 

cyanide leaching is employed after roasting to recover any 
remaining; metal in the roasted solids material. 

32 . A method as claimed in claim 27 or 28 wherein the 
sulfidic material is a single refractory ore and the metal 

25 recovery stage, is provided in-line and subsequent to 
contaminant precipitation. 

33 . A method as claimed in claim 32 whereiEL metal recovery 
involves adsdzptioii of the metal in solution onto carbon 
in a column, containing activated carbon. 

30 34. A method as claimed in any one of claims 27 to 33 
wherein the metal is a precious ttetal such as gold, 
silver > plagi^um or other platinum group metal. 
35. A method as. claimed . in iEmy one pf claims 27 to 34 
. wherein af tear a : fireit: Reaching stage the solution is 

35 subjected to a thickeWng stage to thicken: and: separate 
contaminant ref ined ftiit^ai f^am the solution. 



.* - .V V V.V. 
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^ 

. wKeMditt - after ;a - seciMS- leachi^r^stage the:lc^taniina^ 

"..■^fin^i^ solution f of :^tal :. 

. "a recbyejEy. or ; ; d±B^oal:.^ '"':v' ■ f ;V:-: :v .?" A . - 

£ 5 :'^r 3 ^* : ;^ : ^^etime^ . .of -bli&m^ ; ^ 

R after ^ prioiK : *to : ^ 

recoye^V " *: • ; ■. :-.V v*..*. vL-'X^. "•• • .■• -•" V^y ■ • ^vH.^v*/-^"" 

38. A ^toethbd: of remoyi^ a : ;goi4-bear£n§; . •> V;' 
10 pyritic material co^riai^ 

; /•l^abhl^ytlM roafcerial in: a. leaching stage wherein the ^ 
material: .is mixed With an acidic aqueous tftet^l . chloride 
solution in which the metal has a relatively high 
oxidation otate> such that : the metal <>xidi^ 
15 to render it soluble in the solution;/, produces a pyritic 
material refined of arsenic, and is reduced to a 
relatively lower oxidation state; 

•precipitating and sepatating the arsenic from the solution 
in <' p£^ij^t^WX^0tage whilst eitmiltaneously 
20 ^^^aneratl^. the metal to its relatively high -oxidation 
state; ^3 - 

•returhing the solution to the leaching stage with metal in 
its relatively high oxidation state. 

39. A method as claimed in claim 3 8 which is otherwise as 
25 . defined in any one of. claims 2 to .37. 

40. A method, of removing arsenic from a gold-bearing 
pyritic material comprisingr the steps 6f:s 

•leaching the material in a leaching stage wherein the 
material is mixed with an acidic aqueous. metal chloride 
30 solution haying an oxidation potential controlled to 
oxidise substantially only the. arsenic to render it 
solijble in the . solution, thereby pr<oducing. a pyaritic 
material refined of arsenic; ancj 

separating the solution from the refined giyritic material . 
35 4l. A method as qlaiijied ih claim 40 which is otherwise as . 
defined in any orte ok claims 1 or 3 to 37. 
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• ' buI£ idle ; material £on£s^ allow 
.-^P9^ry" of a precious metal - present * with: :: the material-;.':.:: 

'-' B* ■•■ y«^aeh|^ ^^J^wi^'^r^^an m a^eousHaoi^ 

-;> c^t^t^t/;a^^ j^a^are.^^ : : \ 
• whttiet^ 

- precious ''^i-; *~ Tv 

recovering.. the precious:; 
10 43. Any metal produced : ^tha : mefch^of"^ :bnS}"'$rthe 
preceding claims.. .. !^ v ;l 
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